To justify the twenty years old speculation that our universe is experiencing a late time cosmic acceleration, proposition of existence of exotic fluid is given which homogeneously occupy the universe and exerts negative pressure such that the accelerated expansion is casused. Among the different suggested models of such exotic matter, popularly coined as dark energy, redshift parametrization of the equation of state parameter is a wellknown process. We, very paticularly, take the parametrization proposed by Barboza and Alcaniz. We use forty seven data points for Hubble's parameter calculated for different redshifts and try to constrain the dark energy equation of state parameters for and Barboza Alcaniz modelling. We constrain then the dark energy parametrization parameters in the back ground of Einstein's general relativity, loop quantum gravity and Horava Lifshitz gravity . We find the 1σ, 2σ and 3σ confidence contours for all these cases and compare them with each other. We try to speculate which gravity is constraining the parameters most and which one is letting the parameters to stay within a larger domain.
Introduction
Almost twenty years have had passed since the speculation of the late time cosmic acceleration of our universe, which was concluded from the works by [1] and [2] . Understanding the constraints on the universe's expansion rate can be best studied by the study of the Hubble's parameter as a function of redshift, H(z), which is a determining factor for the scale factor a(t) introduced in the Friedmann-Lemaitre-Robertson-Walker(FLRW) metric. Detailed studies of the scale factor via the studies of H(z) allow us to probe the properties and to understand the natures of the fundamental components of the universe.
Upto a short distance of our galaxy we use the Cepheid variables as standard candles. Type Ia supernova explosions (SNeIa) act as standard candles when we look towards distant galaxies [1, 2] . Besides, the Baryonic Acoustic Oscillations (BAO) is used as standard rulers [3, 4] . With all these, study of the Cosmic Microwave Background(CMB) [5] enriched the literature produced in last twenty years, especially the development of the standard ΛCDM cosmological model. Through these models do not directly constrain the Hubble parameter.
Besides,these methods, another method, named as "Cosmic Chronometers" method is suggested by [6] , according to which the relative age of old and passive galaxies dz dt can be used while we need to constrain the expansion history of the universe directly.
A sample of ∼ 11000 massive and passive galaxies has been analysed and eight measurements of the Hubble parameter have been speculated with an accuracy of 5-12% in the redshift range 0.15< z <1.1 in the [7] . Most accurate constraints were found for low redshift (z <0.3). Comparative studies of cosmic chronometers method with standard probes like SNeIa and BAO are found in [8, 10, 11, 12] . Somee H(z) points in the redshift range 0.35< z <0.5 is given in [13] .
We give all these data in a tabular form given by Table-I . , ω = p ρ , which is the ratio between the dark energy's pressure to its energy density (some good reviews can be found in the [14, 15, 16, 17] ). The simplest and most natural possibility of the energy density among many proppsed dark energy is the quantum vacuum or the cosmological constant (Λ) model. This particular interpretation of the cosmological term focuses on the unsettled situation in the particle physics/cosmology interface, in which the cosmological upper bound (ρ a 10 −47 GeV 4 ) differs from theoretical expectationsns (ρ a 10 71 GeV 4 ) by more than 100 orders of magnitude [18, 19] . Thus, in spite of the fact that Λ may be able to explain the majority of observations available so far, if dark energy is really is associated with the vacuum energy density, we should search for a better explanation for the enormous discrepancy between observation and theory. Several tries to set an explanation have failed to become perfectly reasonable. This leads us, contrary to the beauty and simplicity of Λ, to introduce other proposals. Some of such models are time-varying cosmological term model [20] , irreversible process of cosmological matter creation [21] , Chaplygin gas family [22] etc.
To describe dark energy EoS, some time dependent parametrizations are also proposed. These time dependent are redshift dependent parametrizations can not be obtained from the scalar field dynamics as they are not limited functions, i.e., their EoS parameter does not lie in the interval defined by ω =
, where V (φ) is the field potential. While parametrizing dark energy, we should keep care of the fact that the EoS must not diverge for entire history of the fact that the EoS must diverge for entire history of the universe, z ∈ [−1, ∞). Nevertheless, as dark energy dominance is a recent phenomenon, this particular aspect in not table as important because it may be possible to obtain a quintessence like behaviour as a particular approximation when z is not too larger. In the ref [26] authors has proposed a new parametrization given as
Where ω 0 is the EoS at present time (the subscript and superscript zero denotes the present value of a quantity)
and
gives a measure of how time dependent is the dark energy EoS. For this new parametrization, the authors have deduced the bounds in ω 0 − ω 1 plane as :
For quintenssence : −1 ≤ ω 0 − 0.21ω 1 and ω 0 + 1.
It was shown that quintenssence, phantom, decelerated phase and some forbidden region are classified in the ω 0 − ω 1 plane.
From the mass conservation equation,ρ + 3H(ρ + p) = 0,
We have for radiadtion (p = 1 3 ρ) :
The matter (p = 0) density turns to be
where ρ rad,0 = ρ rad (z = z 0 ), ρ DM,0 = ρ DM (z = z 0 ). Using 1, we get the dark energy density as
We find the observational data supported values of these parameters. To constrain the parameters of our universe we will take the help of the [48, 49, 50] . Planck takes the sum of neutrino masses fixed to 0.06eV, while WMAP ser it to zero. The perturbation amplitude △ 2 R is specified at the scale 0.05M pc −1 for Planck, but 0.002M pc −1 for WMAP, so the spectral index n s needs to be taken into account in comparing them. Uncertainties are shown at 68% confidence [51] .
Our motivation is to check which gravity constrains the Barboza-Alcaniz redshift parameterization parameters most. A comparative study of the behaviours of ω 0 and ω 1 in the general relativity along with different modified gravities will be done.
At first we have discussed about Einstein's Gravity and plotted 1σ, 2σ and 3σ confidence contours in ω 0 − ω 1 plane for the best fit values of H(z) − z, H(z) − z + BAO and H(z) − z + BAO + CMB data respectively. Then we have discussed the same for Loop Quantum Gravity. Finally we have studied this for Horava Lifshitz Gravity.
Einstein's General Relativity
We will consider FLRW universe and Einstein's field equations turns to be ȧ a 2 + kc 2 a 2 −
from (6) we find ,
where Ω Λ = Λc 2 3H 2 0
, Ω i = 8ΠG 
Cold dark matter density :
Cosmological constant :
Radiation density :
We take the present time Hubble's constant's value as 73.52 ± 1.62 km/s/Mpc [27] Different Confidence Contours In ω 0 − ω 1 Plane : Einstein's Gravity Is Concerned We will tablulate the best fit values for ω 0 , ω 1 and corresponding χ 2 using H(z) − z data, H(z) − z data+BAO and H(z) − z data+BAO+CMB respectively in Table- II. To support the observational data from expanding universe whenever ω 0 is negative or very particularly near to ω 1 , we speculate that our model is terminally supporting ΛCDM model. But here we observe ω 1 is preferable to negative values when we include high redshift data, positivity of ω 1 , as it is attached ith z and z 2 terms, may not lead us to a negative pressure from the EoS ω = p ρ . This is leading us to negative ω 1 as a best fit. We have plotted the 1σ, 2σ, and 3σ confidence contours in ω 0 − ω 1 plane. We have done it for H(z) − z data (fig 1a) , H(z) − z data + BAO (fig 1b) and H(z) − z data + BAO + CMB (fig 1c) . The general natures of the contours for all these three cases are same. We see it to be highly eccentric oval shaped. Very small range for low ω 0 but high ω 1 is allowed for 1σ confidence. But if ω 0 is increased and ω 1 is decreased, it is seen that we can vary the domain for a large range to stay within the 1σ confidence. However, this domain of 1σ is approximately 6 < ω 0 < 16, − 105 < ω 1 < 12. If BAO is included, the range towards the high ω 0 and low ω 1 is increased a bit [upto 6 < ω 0 < 17, −110 < ω 1 < 12]. This trend stays on for inclusion of CMB as well [upto 6 < ω 0 < 18, −115 < ω 1 < 12]. However, we can conclude that a huge range of ω 0 and ω 1 supports the 1σ confidence for this particular type of parametrization. In fig 1d, we have plotted our model for supernova data. It seems that if z > 1.1, our model is over estimated. For z < 1.1, our model perfectly matches with the supernova data. 
View from Loop Quantum Gravity
Dark energy embeded in loop quantum gravity is studied in many references like [28, 29, 30, 31] . In this section we will constrain the dark energy parameters in the back ground of loop quantum gravity. Considering the flat homogeneous and isotropic described by FLRW metric, the modified Einstein's equations in loop quantum cosmology resd as Fig.-1d   Fig-1d represents the : FLRW metric in Einstein's General Relativity is considered.
where ρ c is critical loop quantum density as
, γ is the dimensionless Barbero-Immirzi Parameter.
From (10) we have,
For terminal case at z = 0 we have,
Confidence Contours In ω 0 − ω 1 Plane : Loop Quantum Cosmology We will form Table-III with the best values of ω 0 , ω 1 and χ 2 using H(z) − z data, H(z) − z data+BAO and H(z) − z data+BAO+CMB respectively. For H(z) − z data ω 0 turns to be negative and ω 1 turns to be positive which is unlikely to the Einstein's Gravity. So Loop Quantum Cosmology can support a negative ω 0 and positive ω 1 as best fits. Addition of BAO, however, makes ω 0 positive and ω 1 negative as best fits. As we add CMB both the parameter turn to be negative at their best fit. We plot the 1σ, 2σ and 3σ confidence contours in ω 0 − ω 1 plane for H(z) − z data (fig 2a) , H(z) − z data + BAO (fig 2b) , H(z) − z data + BAO + CMB (fig 2c) , while loop quantum cosmology is accounted. Though the contours are a bit of oval shaped, the eccentricity is clearly less than general relativity plots. For inclusion of BAO, we see the contours are stretched in both ends (i.e., more ω 1 with less ω 0 and more ω 0 with less ω 1 ends). Inclusion of BAO and CMB stretches the contour more. While matching this model with with SNeIa data we see our model of Barboza-Alcaniz parameterization (BA) along with LQC is perfect for z > 0.5. For z < 0.5 our model is under determined. 
With Horava Lifshitz Gravity
While we are to construct the inflation epoch, i.e., are closed to the planck era, a UV complete theory is required to be built. Horava-Lifshitz (HL) gravity [32, 33, 34] is a milestone in this field. taking the UV limit into account, HL gravity has a Lifshitz like anisotropic scaling as t → l 2 t and x i → lx i between space and time. This is characterized by the dynamical critical exponent z = 3. However , it breaks the Lorentz invariance. In the infrared limit, the scale reduces to z = 1. We obtain the Friedmann equations as [35, 36] 
From detailed balance, the first friedmann equation can be written as
Writing in detail we have,
Where Ω i ≡ 8ΠG
And for z = 0, we have,
Confidence Contours In ω 0 − ω 1 Plane : Horava Lifshitz Gravity Now we will construct Table- IV with the best values of ω 0 , ω 1 and χ 2 using H(z) − z data, H(z) − z data+BAO and H(z) − z data+BAO+CMB respectively. Here the signs of ω 0 and ω 1 are quite likely as Einstein's Gravity. We plot the 1σ, 2σ and 3σ confidence contours in ω 0 − ω 1 plane for H(z) − z data (fig 3a) , H(z) − z data + BAO (fig 3b) , H(z) − z data + BAO + CMB (fig 3c) in the back ground of Horava Lifshitz gravity. We see the general trend is eccentric oval. But the contours of HL are less eccentric than general relativity and more eccentric than LQC. As we see for over gravities, here also inclusion of BAO and CMB stretches the region to the low ω 0 + high ω 1 and high ω 1 + low ω 0 ends. Match with supernova data says that BA parametrization in HL gravity is undetermined for the region z < 0.5. As a whole this model can not be taken a good fit to the supernova data. 
Conclusions :
As we stated in our motivation, we wanted to study the Barboza-Alcaniz redshift parameterization of dark energy in different modified gravities by constraining the parameters under different H(z) − z data along with the tools Baryonic Acoustic Oscillations (BAO) and Cosmic Microwave Background (CMB). Firstly, we have done the constraining for Einstein's General Relativity. We have found the best fit values parameters ω 0 and ω 1 . It was observed the best fits are likely to be situated in the fourth quardrant. We have plotted 68%(1σ), 95.45%(2σ) and 99.73%(3σ) confidence contours in ω 0 − ω 1 plane. We see if we decrease ω 0 from the best fit we need to increase ω 1 and the opposite also happen but the range of decreasing of ω 0 is less spanned than increasing ω 0 . In Einstein's Gravity for high z, Barboza-Alcaniz model is over estimated. Next, we have done the analysis in Loop Quantum Cosmology where ω 0 and ω 1 is best fit does stay in 2nd, 4th quardrant H(z) − z data, H(z) − z+BAO data and H(z) − z+BAO+CMB data respectively. The confidence contours for Loop Quantum Cosmology are more oval than the Einstein's Gravity cases. Here the models is under determined for low redshift.
Finally, we have studied Barboza-Alcaniz parametrization in Horava-Lifshitz model where the basic natures of confidence contours are same as Einstein's Gravity. But the constraining region of 99.73%(3σ) confidence contours is different for three models. In Einstein's Gravity case, it is in more positive region rather than Loop Quantum Cosmology model and Horava-Lifshitz model and the region is best accordingto the best fit values of H(z) − z + BAO + CMB data.
